
The Role of Fungi and Plants in Bioretention 
Treatment of Stormwater Runoff

USFWS (Jay Davis) / WSU (Jen McIntyre)



Study Question

ÅWhat is the role of plants?

ÅDo fungi provide additional benefits?

ÅHow long does bioretention treat runoff?



Bioretention 
Cells

оέ ƳǳƭŎƘ

ǎƭƻǘǘŜŘ нέ t±/
bulkhead

нέ ōŀƭƭ ǾŀƭǾŜ

мсέ ōƛƻǊŜǘŜƴǘƛƻƴ ǎƻƛƭ ƳŜŘƛŀ 
(60% sand : 40% compost)

фΦрέ ŘǊŀƛƴŀƎŜ ƭŀȅŜǊ όƎǊŀǾŜƭ ŀƎƎǊŜƎŀǘŜύ



Treatment N Description

BSM 3 Bioretention soil medium 
with mulch

BSM + P 3 BSM with mulch and plants

BSM + F 3 BSM with fungi-inoculated 
mulch

BSM + P + F 3 BSM with plants and fungi-
inoculated mulch

Pacific ninebark         Physocarpuscapitatus

Treatments

Winecap Strophariarugosoannulata



Bioretention Cells

LƴǎǘŀƭƭŜŘ ŀǘ ²{5h¢ Ψ¦ƭǘǊŀ-¦Ǌōŀƴ ¢ŜǎǘƛƴƎ {ƛǘŜΩ
Under the I-5 Ship Canal Bridge

Feb 2017-May 2019



Installation



Surrounded by clean 
fill for thermal inertia 

When runoff flowing 
through catch basin, 
pumped at 120 
mL/min to each cell

Treating Stormwater Runoff



Results Outline
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Thermal Profile of BSM Treatments
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Plants

Å50% of plants died during 
summer drought

ÅPlants replaced Feb 2018

Plants per Replicate

Treatment Start 2017 End 2017

BSM 0/0/0 0/0/0

BSM+F 0/0/0 0/0/0

BSM+P 3/3/3 1/2/2

BSM+F+P 3/3/3 1/3/0
50% Loss



Plants (May 2019)

ÅMulch & soil in plant 
treatments was drier than 
mulch in BSM treatment

Å Intermediate for treatment  
with fungi
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Fungi

Winecapmushrooms found in all 
treatments by Fall 2017

Winecap Strophariarugosoannulata
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Higher respiration in 
inoculated treatments

Mulch collected at Year 1 (Jan 2018):  mulch mass and microbial respiration measured

Less mulch in 
inoculated 
treatments

Still more fungi in inoculated treatments



Fungi at end of Year 2

Less mulch in 
inoculated 
treatments

ÅBy end of Year 2, nearly all mulch degraded
ÅLess mulch in fungi treatments (not statistically different)
ÅCannot conclude whether fungi still more abundant in F, PF
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Sampling 
Event

Sampling Date Days since 
Installation

Cumulative 
Volume Treated 

(m3)

Equivalent Cumulative 
Precipitation (1:20) (cm)

% of Expected 
Seasonal 

Treatment

1 Apr 5, 2017 49 1.2 23 73%

2 Jun 8, 2017 113 2.0 38 85%

3 Oct 18, 2017 245 2.4 46 73%

4 Dec 19, 2017 307 3.9 76 84%

5 Mar 22, 2018 400 6.5 134 98%

6 Oct 25, 2018 617 12.6 248 151%

7 Jan 23, 2019 706 12.6 248 121%

8 Mar 12, 2019 754 13.0 254 114%

Sampling Events



Sampling Events



Clean Water Conditioning of BSM

PAHs and Fecal coliforms not detected in influent or effluent

Following 
conditioning, 
clean water 
influent and 
effluent 
assessed for 
baseline 
water 
chemistry

Analyte Units Influent Effluent BSM Source?

TSS mg/L 1 10 YES

DOC mg/L 1 28.3 YES

Nitrates mg/L 2.55 2.30

Ortho-P mg/L 0.037 0.447 YES

dAs µg/L 1.01 2.30 YES

dCd µg/L 0.14 0.07

dCr µg/L 0.36 1.04 YES

dCu µg/L 1.4 13.6 YES

dPb µg/L 0.3 0.1

dNi µg/L 0.67 5.32 YES

dZn µg/L 221.5 30.3

(YES)

(YES)



Bioretention Performance

Influent < Effluent 
(Leaching)

Influent > Effluent 
(Removing)

DOC TSS

Nitrates Fecal coliform

Ortho-P Dissolved Cr

Dissolved As Dissolved Cu

Dissolved Ni Dissolved Zn

Research Questions:
ÅDid bioretention treatment improve 

water quality?
ÅWere there differences among 

treatments?

Hypotheses:
ÅThere would be less leaching over time
ÅThere would be differences among 

treatments

Net concentration % Removal

T

T

T

ÅAll affected by sampling date
ÅDOC, ortho-P, dCuaffected by trmt



Bioretention Performance: Water Quality Overall

0 = no net export

Nitrates dNi dAs

Net removal Net removal



Bioretention Performance: Water Quality

ÅDeclined over time but still 

exporting at the end of Year 2

ÅSignificantly less export for 

treatments with fungi during Year 1

ortho-P DOC

ÅSignificantly less DOC export for 

treatments with fungi Event 1

ÅNo net export after Event 2


